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SUMMARY 


The effectiveness of leading~edge retraction as a nossible high-lift 
device for thin, sharp-nosed airfoils was investigated. “xperimental re 
sults are presented for » symmetrical, 6thick, circulararc airfoil 
configuration, such thst the forward 9.5% section of the chord is retract- 
able up to a distance of 20% chord into the wing. The results include 
direct force measurements, limited surface pressure surveys and linited 
single-tuft surveys. 

Teats were made with varying amounts of retraction in combination 
with variable stngzer between lesding edges of upper and lower surfaces 
and with several upper surface slot configurations. One retracted con- 
figuration was tested with a 20% chord, saplit-flap. 

The results show that retraction is ineffective in increasing maximum 
lift. In general the effect on maximum lift was as follows: (1) Retracte 
ing up to approximately 9%, decreased maximum lift in proportion to the 
loss in wing area, (2) With exactly 9.06% retraction and with certain con- 
figurations of stserzer and/or slots, the stolling angle of attack was in- 
creased 2° and the maximum lift wns equal to that of the unaltered ain 
foil, (3) Retracting more than 9.06% resulted in a clsproportionate loss 


of naximur lift, approximately 20% less than the uneltered airfoil. 
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I. INTRODUCTION 


For sustained flight well into the supersonic regime it has been 
established that a very thin wing with sharp leading edges is a prac- 
tical necessity. Although possessing reasonable aerodynamic properties 
at high speeds, these thin wings perform poorly at low speeds. Due to 
early flow separation near the leading edge, the maximum lift coefficient 
of the sharp=nosed airfoil is considerably reduced in comparison to a 
typical subsonic section. 

Two important problems arise that are associated with low maximum 


lift coefficient as applied to a supersonic airplane with hich wing load- 


ing: 


(1) Righer take-off and landing speeds. The attendant evils of this 
problem are many and varied. Of prime concern are safety and the ex 
cessive length of runway reouired for unassisted take-off or non-ar 
rested landing. The problem becomes acute on aircraft carriers where 
higher landing speed demands more exacting pilot techniaue and arrest~ 
ing gear of larger capacity to absorbd the substantially greater kinet-~ 
ic energy. 

(2) Loss in high altitude maneuvering ability. The combined effect 
of low maximum lift coefficient and low density is to restrict the ace 
celeration that may be imposed on the airoraft during e turning or 


pull-up maneuver without stalling. 


These problems have led to many investigations of high lift devices 
applied to the circularmare and double-wedge airfoils, References 1 to 8 


are representative. Trailins edge flans, leading edge flavs, slots, 
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slets, sren suction, ejection of rir tangential to the wins surfece and 
vrrious combinations thereof have teen shown to te effective. Facnuse 
rll of these devices present serious structural problems when arplied to 
extrerely thin wings, sey four rercent thick, it was felt desirable to 
investigate the effectivenass of a somewhat simpler device, namely that 
of retracting a sreall vnortion of the sherp leading ere. 

“xverimental investigations into the details of the flow about thin, 
sharp-jnosed airfoils (Ref. 9) have shown that lorinsr separation occurs 
almost immediately upon incressing the angle of attack from zero. ‘hile 
separated, transition to turbulent flow apvarently occurs and the boundary 
layer reattaches at some voint cownstream dependines on the anzle of attack. 
The limiting case where the flow reattachment is coincident with the trail-~ 
ing edge determines the stall and in this condition the laminsr separation 
"bubble" extends over the entire chord. (This tyce of stell is distinc- 
tively different fron the abrunt, lerscing-edgze serarntion which character 
ises the strll of medium thick, blunt-nosed airfoils.) The mechenics of 
resttachment have not been fully exvlained in the presently availebdle 
literature, tut it arverrs rensonadle that the initial separntion near the 
nose is cue to the shift of the staenetion point to the lower surface with 
angle of atteck, “he flow, in passing from the stagnation coint sround 
the leecine ecge, is unable to attnin the theoretical infinite velocity 
(for infinitely sharp le>odine edges) end takes the"pnth of least resiste 
ence’ which arpsrently is to senarcte. 

On thie basis it seemed likely that sore control over the location of 
the stagnation point might he effected ry retracting a vortion of the sharp 
leading-edge into the wing. The overall leading edze after retraction 


would consist of three senarnte edges spaced slightly apart. The leading 
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lius would effectively be increased 2nd en incrense in maximum 





Lift should result (Ref. 7). The resvlting sep between the upper and 
lower surfrebs ~ftur retrection provide »n inlet ancom internal chanel 
which could ve used wdventescously vith a slot ovenins: to She urver sur 
face. ‘sith the exiatence of a fnvorahrle pressure cifrerentiel, this 
slot should partinlly re-enerzize the bouncary layer reaulting in a Lurth- 
er improvarent of the flow. 

Te: manifest effect of this schame is: certain lose in lift due to 
nm decrease in wing aren. Therefora, to be of practicel importance, the 


device must produce an increment of lift over and above the loss cue to 


recuction in aren. 
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II. DNUSCRIPTION OF MODEL AND TESTS 


The basic model used in 711 of these tests was a symmetrical circular 
arc airfoil with a rectangular planform. The circulararc profile was 
selected because it is thicker near the nose (cf. double-wedge), thus al- 
lowing more space, at a given chordwise station, to form the retracting 
part. The model was constructed in sersmente (see Figs. 1 and 2) in order 
to form the several sectionsl configurations and to allow retraction of 
the nose piece. The basic dimensions are: span ~ 24", chord = 10", thick- 
ness ~ 6%, radius defining the contour - 41.817". The several parts were 
machined from solid brass and hand-worked to a smooth finish. The after 
50% of the chord served as a dase to which the forward pieces were attach=- 
ed. These pieces were fastened with counter-bored machine screws anc the 
counter-holes filled with wind tunnel wax. 

The slot was formed by sawing the top piece into two parts along a 
line where the slot was to be located. The leading edge of the aft part 
was bvuilteup with solder. and machined to contour. The fore part was 
machined to shape and re=mounted using a number of chordwise struts. (See 
Mes. 4 and 5a) 

Circular endplates, 15" in diameter, were used to approximate two- 
dimensional flow conditions. These plates were cut from 0.125" thick, 
24ST aluminum alloy and the edges machined to a 38° bevel to minimize the 
boundary layer on the sides toward the model. 

The leading edge niece extended laterally into longitudinal slots mill- 
ed into the end plates and was secured with machine screws passing through 
the plates in slightly narrower slots. The slots were of sufficient length 


to permit fore and movement of the leading-edge piece to any desired re- 
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traction up to 20% of the chord. 

The model was supported upright in the wine tunnel by a three-point 
suspension system. Two streamlined struts received trunnion pins located 
outboard and in the center of the end plates. Trailing arms, extending 
12" aft of the center of the plates, were fastened to a cross piece which 
in turn was connected to a third etreamlined strut. The three struts 
passed through the tunnel floor to the balance. (See Mgs. 3 and 6) 

The tests were conducted in the Merrill Low Speed Wind Tunnel, des~ 
cribed in Avpendix A. All of the measurements were made at a dynamic 
pressure, gq 3 25 lbs/ft* and at a Reynolds Number, R = 0.71 X 10°, with 
the exception of the tests to determine the tare coefficients of the sup~- 
ports end endplates, Yor the tares, a = 20 lbs/ft@ was used due to large 
vibrations encountered with the airfoil removed at higher speeds. 

It would have been desirable to have made the tests with a consider 
ably larger q, but it wes felt that the large oscillatory forces observed 
in the stalled condition would be destructive to the balance. Consider- 
able difficulty was encountered, even at a ® 25 lbs/ft*, with large vibra- 
tions at the stall. This was finally overcome by locking the moment— 
measuring lever arm of the balnnce at the particular angle of attack under 
study. The device used for this is shown in Mg. 5b. This procedure un- 
fortunately prevented measuring the pitching moment. 

The simole expediency of removing the airfoil from between the end-~ 
plates as a method for determining the tares, gives results of highly 
questionable accuracy, since the effect of mutual interferrence is not 
included. It was felt that this error could be tolerated in a qualitative 
comparison, because the effect is small in the lift component and confined 


primarily to drag. The error should not be significantly differant between 
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the several confivurations. 


The test work was cone in three general catagories: 


(1) Force polar runs were mace for each configuration, varying the 
retraction of the nose piece, The slot closed condition was simu- 
lated by covering the slot with 0.003" - thick cellophane tape. The 
basic airfoil was simlated by extending the leading edge to give the 
full 10" chord and taping the slot. There were slight irregularities 
of the surface at the junctures between top and bottom pieces and the 
nose piece. These irregularities were covered with tape, tut tests 
made with and without the tape showed no significant differences. The 
split flap was simulated by bolting a flap, cut from 0.041" - thick 
material, to the lower surface at a point which would correspond to 
the hinge line. (See Mg. 5c) 

(2) A static pressure survey was conducted over the upper surface of 
several representative configurations and on the basic airfoil using 
the probe described in Appendix B. Mg. Sd shows the installation of 
the probe and Me. 7 shows the probe in detail. The pressure was 
measured on an alcohol micromanometer referenced to free=-stream static 
pressure. Free-stream pressure was assumed to be the pressure taken 
at orifices located at the entrance to the test section. The differ 
ence between this and the atmosyheric pressure outside the tunnel was 
in the order of one cm. of alcohol. 

(3) <A limited tuft survey was made on several representative con 
figurations with a single-tuft probe. This probe consisted of a single 


strand of cotton thrend, about 3/8" long, attached to a slender rod. 
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III. MODSL CONFIGURATION AND NOTATION 


The following symbols are used to denote the model configuration. 


See Fig. 1 for layout of section profiles and Mg. 4 for layout of slots. 


I= Basic circularmare airfoil. 
II - Lower surface leading-edge staggered 5.9% of chord aft of 
unvper surface lesding edge. 
III - Lower surface leading-edge staggered 1.9% of chord aft of 
upper surface leading edge. 
I¥ = No stagger between uprer and lower surfaces. 
A = Slot ‘At, 
B = Slot 'B!, 
C - Slot 'C!, 
D - Slot "Dt. 
B = Slot closed (covered with cellophane tape). 
f = As subscript, 20% choré split flap deflected 60°. 
(xx.xx) <- Retraction of nose piece, distance in percent of original 
chord. 
Example: IIT ,C(9.06) ~ configuration III, with flap, with slot 'C!, 


retracted 9.06%. 


The following notation and definitions are used: 
b = model span, = 24", 

c¢ - basic chord, = 10". 

1 7 section lift coefficient, = L/aS. 


Cy, - maximum lift coefficient. 
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- B= 
section drag coefficient, = D/qS. 
pressure coefficient, = Ap/a. 
drag force, lbs. 
lift force, lbs. 
characteristic length, ft. 
increment of static pressure, * Byes = WP leeks 
wind tunnel dynamic pressure, 3 1/2eV*. 
Reynolds number, #» VL/y. 
model wing aren, = 1.667 ft’. 
wind tunnel free-stream velocity. 
section angle of attack, degrees. 
nir density, slugs/ft. 


kinematic viscosity, ft/sec. 
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IV. R@SULTS AnD DISCUSSION 


The results of the force mansurements and pressure surveys are present- 
ed in Migs. 8 through 26. Table I shows s summary of Ch ae for all con- 
fisurations and serves as an index to the figures. In order to make a 
true comparison with the basic airfoil, the coefficients were computed us- 
ing the original 10" chord. If the reducec chord, due to retraction, is 
used in calculating the coefficients, higher values result which give a 
false nicture of the effectiveness as a high-lift device. This is illus- 
trated in Nig. 17. 

Force coefficients have been corrected only for the tares of model 
supporta and end=-plates. Corrections for downwash and tunnel walls were 
not attempted because of the unknown effect of the end-plates. Correc~ 
tions to dynamic pressure due to blockage were negligible. 

The results are discussed individually by configuration as follows: 

I. Lem, 

(a) Configuration I. We. 8. The basic airfoil had a Linx of 
0.725 at an angle of attack of 10°. In comparison some NACA data shows, 
for the same airfoil section, a Ct, ax of 0.73 at an angle of attack of 8° 
with R= 6X 106 and a Gy of 0.75 at an angle of attack of 10° with 
R= 2X 10° (Refs. 3 and 8 respectively). Zvidently, there is little varia- 
tion with Reynolds number except in the stalling angle. There was an un- 
usual varixtion in the slope of the lift curve at low angles of attack. A 
lower slope existed between -2° and 2° changing to a larger alope after 2°, 
The same variation is found on close examination of the results of Ref. 8. 
No explanation can be given for this, except thet it may he associated 
with the laminar separation which is just beginning at low angles of at- 


tack. Sinoe the prime interest of thia test was maximum lift, the phenom 
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‘enon was not investigated further. 

(b) Configuration ITA. Mg. 8. With increasing amounts of re~ 
traction 2 loss in naxinur lift proportionrl to the loss in area was 
observed until the leading edge was retrected to 9.06%. At this point 
the maximun lift abruptly ineresced to n value sbout equal to the besic 
airfoll anc the stall wes deleyed until an angle of attrck of 12° was 
renched. (‘when retracted to the 9.06% voint, the lending edge is appror 
imntely 1/32" ahead of the lending edge of the upper surface.) For oll 
anounts of retraction greater then 9.06%, the maximum lift was consider 
ably reduced from the basic airfoil and almost constant. The loss in this 
case wes ahout 20%, which is roughly 2 10% greater loss than would be exe 
nected due to loss in area. 

The variation of ae with retrnotion 1s best shown in Meg. 16. 
This plot shows the varintion from the basic airfoil for all configura- 
tions. “he cashed line represents nan senumed linenr loss in maximum. lift 
from the basic airfoil, proportionnl to the loss of area and calculated 
as follows: 
ea eee (retraction) (0.725), retrection < 9.4% 
= (0.9%) (0.725), retraction > 9.44 

(c) Configuration IITA. Mg. 9. Results were essentially the 
same as configuration ITA except that the abrupt increase sbove the linear 
loss at 9.06% was not as great. Becnuse the maximum lift was arppzrently 
sensitive to small changes near this point, positions a few hundroths of a 
percent to each side of 9.06% were tested to find an optimum position. In 
every cose the lift was less than at 9.065. 

(ad) Configuration IIIB. Fig. 10. Inspection of the geometry in- 
volved nt the 9.06% point revenled that the inlet space to the slot was 


very small. In an effort to determine whether the increase in lift at this 


re 
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point was cue to the size of the slot entrence, which varied sccording 

to the retraction, or to retraction slone, the slot was modified as shown 
in Pig. 4. The slot gap was increased about 50% and the contour was mil- 
led down to increase the inlet aren. The results were approximately the 
same as before until the 9.06% point was renched where the maximum lift 
decreased sharply. The maximum lift at points past 9.06% was also less 
but the stall was considerably smoother and the lift curves were almost 
horizontal past the stall. 

(e) Configuretion IIIC. Mge. 13 and 14. From the above tests 
it was apparent thet there was some interaction between the relative 
position of the nose piece and the inlet area and/or slot gap. The slot 
gap was reduced to the original dimension and the contour further modified 
to increase the inlet aren (see Mg. +). In this configuration the model 
was tested at only two retracted positions, 9.06% and 20%, Che ae obtained 
at the 9.06% point was slishtly better than configuration IIIA and some- 
what less than IIA. At the 20% point, the reeults were similar to the IIA 
configuretion and did not produce the ‘flat! stall as in IIIC. 

(f) Configuration IIID. Figs. 13 and 14, The slot gap was re- 
duced approximately 30% anc the contour was unchanged. Again, only two 
positions were tested, 9.06% and 20%. The results were essentirlly the 
eame as ITIC with slight increases in maximum lift at both points. 

(@) Configuretion IVD. Mg. 11. Approximately the same values 
of maximum lift were obdteinec as with configuration IIA. The lift curves 
at the stall were smoother for every retracted porition and the stalling 
angle of attack at 9.06% was extended to 12.5°. 

The effect of the warious slots and different amounts of stag~- 


ger, with the leading edge retracted 9.06% and 20%, is shown in Megs. 13 
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and 14, Generally, stagger has little anvarent effect while the size 
and shape of the slot anvearse to change 2 A significant amount. 

(h) Slot closed configurations. Mg. 12. The effect of not 
having a slot was to recuce the maximum lift, except on configuration 
IVD (9.06). The stalling angle of attack wos reduced to 8° for retrac- 
tions past 9.06% with the slot closed. The only exception to this gen- 
eral effect was the configuration IVE(9.06), which had a lift curve al- 
most identical to the corresvonding open-slot configuration. Thie is 
inconsistent with the other configurations at 9.06%, where an increase in 
maximum lift ebove the linesr loss was not observed with the slot closed. 
This point will be discussed further in a following paragrarh. 

(i) Trailing edge flap configuration. Mg. 15. It was felt that 
advantage might be taken of the increase in angle of attack for maximum 
lift found for the configuration IVD (9.06) by using it in combination 
with e trailing-edge flap. The results with a 20% chord, svlit flap de- 
flected 60° were quite the ovposite. The flapved configuration with 9.06% 
retraction stalled at the same angle of attack as the flanped, basic air 
foil anc produced less maximum lift. The 20% retracted position with flap 
stalled nt one cegree less angle of attack than the basic airfoil and had 
considerably less moximum lift. 

It. Drag. 

Drag polars of configurations IIA, IIIA, and IVD are shown in Figs. 
18, 19 and 20. ¥or simolicity only the representative positions, 9.06% 
and 20% retraction are shown. For the same Cy, the Cp of the retracted 
configurntions wns higher than the basic airfoil. (Cr /Cp) ax was less 
than the velue for the basic airfoil in every case. Configurations IVD 


(9.06) and IV™ (9.06) had the least drag of the retrected configurations: 
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the polars of these two configurertions clossly approeched that of the 
basic alrfoil. 
III, Upper Surface Pressure Distribution. 

Migs. 21 through 26. Static pressure surveys were made on several 
representative configurations to determine the variation in pressure dis- 
tribution and thereby, some indication of the type of flow. The general 
Sctess x the pressure distribution due to retraction was to cause a high- 
er penx of negative pressure near the nose. The pressure increased rapidly 
after the negative peak, Aft of about 30% of the chord, the pressure 
gradient of the retracted airfoil was nearly the same as the basic airfoil. 

Considerable variation was found in the pressures with and without 
the slot, and with different slots. The typical pressure distribution of 
configuration III (Fig. 21) was a constant level from the nose to the slot, 
followed by a jump to a negative peak behind the slot and then a sharp 
positive gradient to about 20% choré. Aft of this point the gradient was 
similar to the basic airfoil. The IVD configuration was rather different. 
A large negative pressure pesk occured at the nose followed by a sharp 
vositive gradient resching an opposite peak at the slot. Aft of the slot 
A second and smaller negntive peak occurred followed by e gradient similar 
to ITIC and I. 

Distribution of nressure with the slot closed not only varied from 
the corresponding configuration with the slot open, but with different 
basic configuration. The distribution of III with slot closed was rela~ 
tively smooth ané followed that of the besic alrfoll. Comparison of the 
pressure distribution of IVD (9.06) and IVS (9.04) was of particular ine 
terest since these two configurations had the same lift curve. (See sec- 


tion (h).) Ples. 23 through 26 show that the pressure distribution was 





— Lh 
essentially the same, slot onen or closac, or IV, the only cifference 
being the irresulnrity at the slot with the slot open. In co™-rison 
with the overall shine of the sressure nrofile, the discontinuity with 
the slot onen e~™ears to be of Little imoortancea. 

“rom the resulte of the vnressire tects, Lt @enemme thet ‘hereis 
little, if eny, flow throuwh the clot: and that ell of the relstive in- 
crense in lift at the 9.04% noaition is Cue tr weition of the nose piece. 

Bil.) Sineieetuit Slow curvey. 

\ Partner attemt to Cotercina thé nture of thé fTlom sbout Ge 
Potracted sonticzirations and saosts wab maée using « sinele 4@trond tuft 
attoched to 2 slender prmhte. 

The significnnt result fron this Investigation was thet the gross 
flow about the retracted confizurrtions was not sre.tly cifferont fron 
that of the basic airfoil, It was fount that the laminar seno ration 
"bubble! oceurrec as with the plein rirfoil, onc in “bout the same olace. 
The extent of the sever ted region coule be readily ceter ined with the 
sin:le-tutt, however precise resions vare not manped since the probe was 
handjheld. Strong vortex flow, in a Cirection such thet reverre flow 
eristed next to the surface, was indlested in tho interior of the ‘dubble!. 
“hea roint of recttachment wes roughly indicated by a region of confused 
flow avprozinately 5% of the chord in width. Pohine this ennfused region 
there was on attrchedc turtulent boundary lever an? shed of it, strong 
reverse flow. Tha point of resttachnent anmarently ~rocressed «ft with 
increvsin- angle of Ptt-ce. 

With the lenfin- edve rotracte: 9.06%, tie tuft indicatea no flow 
throwen the @1ot on con*izuratione® IIID anc IV®, from an anele of ott ree 


of 0° to atout 6°. crom 6° to onnroximetely 1° les: then the stalling 
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angle of attack, there was definite reverse flow through the slot. At 
the stall there was no apparent flow through the slot. 
There was a slight indication of flow through the slot in the proper 


direction with the leading edge retracted 20% at the stall. 
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V. CONCLUSIONS 
Fron the results of the investigation it may be concluded thet: 


(1) Retraction of the leading edge is not an effective high-lift 
device on 9 sharpe-nosed airfoil, and in fect, is generally detrimental 
to maximum lift due to the combined effects of loss in wing area and ine 
creased deterioration of the flow with large amounts of retrection. 

(2) The generel type of flow about the retracted configuration ond 
the tyne of stall renain unchanged from the basic airfoil. 

(3) With a particular amount of retraction, in this case 9.06% of the 
chord, and in combination with either a certein slot configuration and/or 
stagger between uvper and lower surfaces, the maximum lift is eaual to the 
basic airfoil, but the stalling angle of attack is incrensed by 2 

(4) The effect of stagger between upper and lower surfaces is negliz- 
ible except with 9.06% retraction. 

(5) The upper surface slot is beneficial to maximum lift; however the 
size of the slot is critical in obtaining the relative increase in lift 


at 9.06% retraction. 
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APPENDIX A 


DESCRIPTION OF THS MERRILL WIND TUNNEL 


The Merrill Wind Tunnel at the California Institute of Technology is 
a conventional, single return, closed-circuit type approximately 110! 
long, with ® six-to-one contraction ratio. The test section is rectan- 
gular, 32" by 45", At the time of these tests three anti-turbulence 
screens were installed between the settling chamber and entrance cone. A 
three-bladed propeller is driven by e 75 hn constant speed AC motor, Wind 
velocity, variable between 0 and 180 mph, is controllec by varying the 
propeller pitch through a Curtis-Yright electric propeller hub. 

Force measurements were made on a mobile, three component, beam tyne, 
manual balance. (See Mg. 5b) Indicated error in repentability of 
mensurements was > 0.04 lbs. in lift or drag, which corresponda to en 
error of approximately 4 0.001 in the force coefficients computed for the 


model at a dynamic pressure of 25 psf. 
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APPENDIX B 
STATIC PRESSURE SURVEY PROBS 


It was found convenient by Willmarth (Ref. 10) to employ a travers- 
ing static pressure probe to measure the surface pressure on a thin alr 
foil. The basis for use of such probes is that the static pressure is 
constant through the boundary layer in a direction normal to the surface 
and that the flow outside the houndary layer is irrotational. The boundary 
condition that the surface curvature is small, applied to these assumptions 
gives the linearized result that the normal pressure eradient is small. 

While the circular-arc model was under construction several static 
pressure protes similar to Willmarth's were made and tested on Wallace's 
model (Ref. 5). The details of the probe used on the circularmarce are 
shown in Fig. 7 and the installation is shown in Fig. 5d. Since there was 
to be no means of axial orientation of the probe, three pressure taps, 
circumferentially spnced 120°, were used. These pressure taps were the 
same size as the orifices on Yallace's model, 0.0135" in diameter, The 
probe was mounted approximately mid-span on the model and held flush by a 
wire attached to the tip of the probe and extending upstream through ver- 
tical positioning wires: thence passing through the bottom of the tunnel. 
A rubber tube and a wire were fitted to the aft end of the probe and car 
riec outside of the tunnel through a larger, plastic tube. Fy means of 
the fore and aft wires the probe could he traversed over the chord with 
the tunnel in oneration. 

Pressures measured by the probe were compared to pressures measured by 
the model's surface orifices at the same chordwise station. The indicate 


ed difference between the two pressures was less than the experimental 





error except very near the leading edge where the difference was in the 
order of 5 to 10% of total reading referred to atmosvheric. The larger 
error near the nose is believed to be aggravated, to some extent, by lack 
of precision in setting the probe taps in the exact chordvise station of 
the model orifices. Yue to the ateep pressure gradient at the nose, an 
error in position is greatly magnified. Yawing the probe up to about 5° 
anc different random, axial orientations mece no significant difference 
in the indicated error. 

The stntic pressure probe hes tyo cistinct advanteges: the complex 
instellation of surface orifices, difficult in thin models, is avoided: 
anc pressures at an infinite number of stations can be mensured. Tue to 
the high damping of the small pressure taps and lines, the probe is not 
sensitive to fluctuceting pressures, The prinery disadvantage of the 
systen im fied increased tunnel overating time required to make a series ‘of 
measurements. This time is further incressed by the camping. Up to two 
or three minutes were required to establish a steady rencding upon change 


of station. 
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TABLE I 


SUMMARY OF RESULTS AND INDEX TO FIGURES 


Run No. Configuration Cape aie ACy, Fig. wo. 

1 I 725 10 ~ 8 

2 ITA (6,25) 68 10 -.045 8 

3 (9,06) »73 12 .005 8,13 
4 (9.375) i575 10 ~.15 8 

5 (11. 56) . 563 10 -.162 8 

6 (14.06) . 593 10 =.132 3 

4 (16.56) . 593 10 -.132 8 

8 (20.00) . 586 10 -.139 8,14 
9 ITIA (3.75) -692 10 ~.033 9 
10 (4.25) 674 10 -.051 9 

il (8.335) 670 10 ~.055 9 
12 (9.06) 683 11 -.042 9,13 
Gy (9.373) 586 10 -.139 9 
14 (9.685) . 580 10 ~.145 9 
15 (10.31) Bo 5) 10 -.172 9 
16 (11. 56) . 564 10 -.161 9 
1? (14,06) . 582 10 -.143 9 
18 (16. 56) » 590 a1 Tae 2 
19 ITIB (3.75) 692 10 -.063 10 
20 (6.25) 674 10 -.051 10 


21 (7350) 666 10 -.059 10 





Run No. 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


33 
34 
35 
36 
37 
38 
39 
40 
hy) 
42 
b3 
Lh, 
Ls 
L6 


47 


Configuration 


IIIB (9.06) 
(11. 56) 
(14.06) 
(20.00) 
IIIC (9.06) 
(20.00) 
IIID (9.06) 
(20,00) 
ITIE (3.75) 
(6.25) 
(9.06) 
(ige31) 
(11. 56) 
(16.56) 
(20.00) 

IVD (3.75) 

(6.25) 
(9.06) 


(9.375) 


(11.56) 
(20.00) 
Ive (9.06) 
(20.00) 
I¢ 
IV-D (9.06) 


(20.00) 
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TABL’ I (Continued) 


CLnax 
6 600 


64 
» 557 
. 536 
692 
~ 596 
710 


593 : 


693 
675 
. 585 
55H 
55 
554 
. 563 
694 


2721 
» 591 
. 580 
55 
nye 
559 
1.630 
1.489 
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10 
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10 
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-.161 


~.189 
- .033 
~.129 
~.015 
-.132 
-.032 
-.05 
-.14 
-.171 
-.171 
-.171 
-.162 
-.031 
-.052 
- .004 
- 144 
Sees 
-.175 
-.003 
-.166 
905 
764 
650 
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10 
10 
10,14 
13 
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13 
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12 
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11 
11 
6! 
11,14 
12 
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an 





TABL= I (Continued) 


Configuration 
All oo plotted vs. retraction 
IVD Difference in Cy based on 10" chord and 
recuced chord 
ITA Drag polar 
ITIA Drag polar 
IVD Drag polar 
i 
IIIC(20.00) Pressure distribution at Cy 
IVD (9.06) - 
a ied Pressure distribution at 2 
IVD (9.06) Pressure cistribution at &% = 0° 
IVE (9.06) Ors 1? 
X a RO 
Oe 12" 


Pie. 
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Fig. 2 Endplate removed showing model 


profile. Configuration IIIC(9.06). 
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Fige 3 Three point suspension system. 
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(a) End view from above (b) Arrow indicates 
showing spanwise slot. locking device used to 
restrain pitching 


moment arms 





(ec) Model with 20%, (d) Static pressure 
split flap, deflected 60°. probe installation. 


Figure 5Se 
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Fige 6 Installation of model 


and mobile balance, 
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ABa#S Eh rawell ae S 


Investigation at low speed of a 
Six-percent thick symmetrical 
Circulareare airfoil with leading 
edge retraction in combination 
with nose slot. 





